Introduction
Multiple sclerosis (MS) is the most common neurological disease in young adults with the risk of subsequent chronic functional impairment and disability after 10 to 15 years of disease duration [34] . MS is not a single inflammatory demyelinating central nervous system (CNS) disease, but a complex of disorders with heterogeneous clinical presentations, disease courses, neuro-pathological, immunological and neuro-radiological features.
MS is considered to be of autoimmune origin [20, 42] and neuro-pathologically characterized by variable extents of focal inflammation, demyelination, axonal damage, gliotic scarring and atrophy, but also by remyelination and regeneration in the CNS. Immunopathogenetic and disease modifying therapeutic concepts focused mainly on inflammation in MS. Briefly, autoreactive T-cells cross the blood-brainbarrier to recognize liberated myelin and non-myelin components in the perivascular space. The initial, locally restricted CNS inflammatory process is subsequently amplified by a huge network of adhesion molecules, proinflammatory cytokines, chemokines and other cellular effector molecules. Antigen and epitope spreading contributes importantly to the propagation of inflammation [27] . However, in general, T-cells alone are not sufficient to produce the typical demyelinating plaques in the CNS white matter. Additional demyelinating amplification factors are required and recent work has suggested that these factors may differ between patients [30] . This leads to the concept of MS as a heterogeneous disease with respect to four pathogenetic mechanisms of demyelination [23, 25, 30, 31] . One of these subtypes is characterized by features of antibody-mediated demyelination [44] , another subtype by oligodendrocyte pathology resembling what is typically seen in acute stroke [26] .
The search for biological markers in multiple sclerosis
The search for biological markers in accessible body fluids (cerebrospinal fluid [CSF] , blood, urine) of MS patients has been a scientific focus over the past decades. Identification of such markers would be crucial to further understanding of the etio-pathogenesis of MS, as well as for diagnosis, rational design of treatment regimens and monitoring treatment effects.
With regard to different steps of the immunopathogenetic cascade [20, 42] 
Autoantibodies in multiple sclerosis -general thoughts
Autoantibodies may reflect the presence, nature, and intensity of a certain immune response [19] . Antibodies are therefore potential markers for diagnosis, disease activity, classification and prediction of clinical courses [8] -and already used in daily clinical practice for many neurological and other immune-mediated diseases. It is thus tempting to speculate that according to the clinical request (e.g. diagnosis, classification, prediction, monitoring of disease and therapy) detection of antibodies may provide different information in MS, depending on e.g. their target tissue specificity, biological activity, role in different stages of the immunopathogenetic cascade and time of occurrence/disappearance. To complicate these hypotheses antibodies may have different biological functions: some antibodies may be primarily involved at different stages of the immunopathogenetic cascade (e.g. demyelination), some may facilitate repair mechanisms (e.g. remyelination) and some may be part of a balancing natural autoimmunity system (Fig. 1 ).
Autoantibodies as diagnostic markers in multiple sclerosis
Since the seminal finding of elevated immunoglobulin (Ig), which mainly involves the IgG1 and IgG3 isotypes, in the CSF of more than 90% of MS patients [21] , detection of oligoclonal Ig is an important diagnostic marker in MS [4, 12, 34] . Typically, and in contrast to acute infectious CNS diseases, the oligoclonal Ig response persists over time in MS. This pattern and the little clonotypic variation of oligoclonal bands in the CSF over time may be due to the fact that the focus of the humoral response does not change during the course of the disease. However, the dynamics of oligoclonal bands in the CSF of MS patients treated by disease modifying drugs has not been systematically studied so far. More importantly, the antigen-specificities of these oligoclonal Ig bands still remain to be defined. CSF oligoclonal bands do not necessarily represent au-toantibodies against neuronal proteins, but may also be directed against infectious agents, a finding which is not specific for MS. Many studies have tried to identify autoantibodies directed against various myelin and non-myelin target antigens in the serum and CSF of MS patients (Table 1) . However, none of these studies revealed convincingly an MS specific antibody response against CNS antigens. Most antibodies detected in MS are also found in other neurological and systemic conditions as well as to a lower extent in healthy controls. There are several explanations for these findings [8] :
(1) the causing auto-antigen(s) in MS is/are not identified so far, possibly due to the complex heterogeneity of MS. (2) the knowledge about the biological role of antibodies in MS is still scant, probably due to the biological complexity of antibodies ranging from a mere bystander phenomenon to pathogenic, regulatory and even reparative properties. (3) technical issues concerning different detecting systems with different antigen preparations add to the controversy of previous findings on autoantibodies in MS.
It is therefore to conclude that specific autoantibodies as diagnostic markers in MS are not available yet.
Recent neuro-pathological investigations, which revealed four subtypes of demyelination in MS, were the first milestone to distinguish immunopathogenetic MS subtypes -irrespective of the clinical phenotype [23, 25, 30, 31] . Now there are promising studies that support the use of antibodies in classifying MS patients by immunological (and neuro-radiological) means. Antibodies directed to myelin oligodendrocyte glycoprotein (MOG), a highly immunogenic CNS specific protein of the outer myelin sheath, have been repeatedly shown in CSF and sera in a subset of MS patients and patients with other inflammatory neurological conditions [39] . In MS, these anti-MOG antibodies are present already in early MS (e.g. first demyelinating event) and accumulate together with other anti-myelin antibodies (e.g. against myelin basic protein, MBP) over time during disease progression. Anti-MOG IgM antibodies are the prominent Ig isotype; within the IgG subclass IgG1 and IgG3 isotypes predominate [14, 39] .
In addition, some of the anti-MOG IgM antibodies are able to fix complement and to activate the lytic terminal complement complex (Berger et al, unpublished) . Patients with high titers of anti-MOG IgM antibodies may comprise an antibody-mediated subtype of MS [11] and seem to response to antibody-focused treatments, such as plasma exchange or intravenous immunoglobulin [14] .
Another neuro-pathological subtype in MS shows characteristics of a dying-back oligodendro-gliopathy, which is also a neuro-pathological hallmark of stroke. A recent study revealed that MS brain biopsy tissue showed co-localization of hypoxia inducible factor alpha-1 and of a monoclonal antibody termed d110 exclusively in this subtype [26] . Originally, d110 had been identified as recognizing a surface epitope of canine distemper virus nucleocapsid. However, neither this virus nor viral remnants could be detected in the CNS tissue of MS patients. So the target antigen of the d110 antibody response remains to be determined. Nevertheless, it is possible to detect d110 in the CSF of MS patients. Further investigations are necessary to see whether this marker is useful either to identify patients with this specific neuro-pathological subtype of demyelination or to distinguish these patients from other immunopathogenetic subtypes.
Autoantibodies as predictive markers in multiple sclerosis
Treatment, management and counseling of MS patients would be markedly improved by the identification of reliable clinical, genetic, immunological or neuro-radiological prognostic markers. Research in the past decades sought to find negative or positive predictors regarding conversion to clinically definite MS after a first demyelinating event, to disease type and disease activity in terms of occurrence of future relapses and disease progression, and especially the time point of conversion to secondary progressive MS. Unfortunately, most of the results to date merely demonstrate associations with certain disease issues, but failed to provide reliable biological markers of predictive value in individual patients.
In patients with a first demyelinating event, the conversion to clinically definite MS is unpredictable and long observation periods and repetitive MRI investigations are needed. Recently, anti-myelin antibodies were shown to be able to predict the risk of a first relapse in patients with a clinically isolated syndrome (CIS) suggestive of MS [9] . In this active CIS cohort (as demonstrated by positive MRI findings and oligoclonal bands in CSF) patients seropositive for anti-MOG and anti-MBP antibodies relapsed more often and earlier than patients without these antibodies. Only 9 of 39 (23%) antibody seronegative patients suffered a relapse and the mean time to relapse was 45.1 (range 25 to 83) months. In contrast, 21 of 22 (95%) patients with antibodies against both MOG and MBP and 35 of 42 (83%) of patients with only anti-MOG antibodies had a relapse [?] Heat-shock-protein 60 (hsp 60) [37] within a mean of 7.5 (range 1 to 18, P < 0.001) and 14.6 (range 2 to 38, P < 0.001) months, respectively. These findings are consistent with previous reports demonstrating that intrathecal IgG antibody production, dominance of B-cells and oligoclonal IgM bands in the CSF are associated with a more progressive disease course [35, 47, 48] .
The reasons for the elevated anti-myelin antibody levels are speculative. It is not known whether these antibodies are biologically active, e.g. demyelinating, or if they merely reflect the extent of tissue damage. Nevertheless these anti-myelin antibodies qualify as measures of disease activity and can therefore be used as a biological marker for disease progression in CIS patients. From a practical point of view it is additionally important that the analysis of anti-myelin antibodies uses rapid and inexpensive methods.
Increased humoral responses against non-myelin antigens are likewise suggested to correlate with disease progression in MS [35] . A promising marker for monitoring axonal damage and therefore for the conversion to chronic progressive MS are neuronal neurofilament proteins. Axonal damage occurs early in the disease course and once a certain threshold of damaged or degenerated axons is reached, secondary progression occurs. Increased levels of antibodies to the light subunit of the neurofilament proteins have been found repeatedly in the primary or secondary chronic progressive phase of the disease course [15, 41] . Whether these antibodies have a pathogenic role in axonal destruction or are an epiphenomenon secondary to a massive release of axonal proteins remains unclear. Nevertheless these antibodies have shown correlation with clinical disability and brain atrophy in MS.
Future expectations
It may be anticipated that despite the lack of antibodies for the diagnosis of MS, immunological markers, especially antibodies, may be used in the future to distinguish different immunopathogenetic subtypes of MS. This may support the notion of MS as a heterogeneous disease complex, and in consequence may allow a stratification of patients for individualized immunopathogenetically oriented treatments according to a differential-therapeutic concept.
The publication on the prognostic value of antimyelin antibodies provoked (again) an intense and ongoing discourse on the role and value of antibodies in MS [16, 24, 28, 38] . Subsequently, fruitful cooperations between several research groups were established to provide scientific answers to the above mentioned debate. After validation of the best test system and confirmation of the predictive value of anti-myelin antibodies in other patient cohorts this antibody test may become important for the counseling and management in CIS patients. In particular, antibody analyses may support future decisions on early treatment initiation: those patients at high risk for clinically definite MS should receive immediate early treatment, while patients with low (or even no) risk for a next relapse may see treatment postponed until necessary.
Finally, as the existence of a single antibody that fulfills all the criteria of a surrogate endpoint in MS might prove unlikely, it seems more feasible that in single MS patients a panel of different antibodies, which mirror different stages of inflammation, demyelination, axonal degeneration and remyelination, will need to be characterized in order to optimize therapy and prevent disability.
